The objective of this study was to determine the effect of composition and proteolysis on textural characteristics of Croatian cheese in a lamb skin sack (Sir iz mišine) over a ripening period of 30 days. Ten ovine milk cheese batches were manufactured according to the traditional manufacturing procedures. The content of total solids, fat, proteins (P<0.05) and salt (P<0.01) significantly increased during cheese ripening. Results of this research showed that α s1 -casein hydrolysed more rapid in comparison to the β-casein. An extensive and significant (P<0.05) degradation of α s1 -casein was accompanied by significant (P<0.05) accumulation of α s1 -I-casein. Although β-casein degradation occurred in cheese to a moderate degree, these changes were not statistically significant. However, the level of γ-casein increased significantly (P<0.01) in cheese throughout ripening. Due to the extensive proteolysis, both TCA-SN (P<0.01) and WSN (P<0.05) significantly increased throughout ripening time. Results showed significant decrease (P<0.05) in hardness, cohesiveness and springiness during cheese ripening along with progress of proteolysis. Weakening effect of caseinolysis predominated over the strengthening effect of moisture loss in the texture development of cheese, which could be attributed to the specific conditions in the animal skin sack during ripening.
Introduction
Most of the Croatian autochthonous cheeses belong to a group of semi-hard and hard cheeses produced from raw full fat ewe's milk, which ripen at least 3 weeks. Proteolysis, lipolysis and glycolysis are biochemical processes that occur during cheese ripening by the combined action of rennet enzymes, endogenous milk enzymes and enzymes originated from lactic acid bacteria (added or autochthonous) are responsible for the desirable cheese characteristics, but also for those undesir-able (Kalit, 2002; Havranek et al., 2014; Kalit, 2015) . This biochemical processes include dynamic changes during which complex organic molecules (milk fat, protein, lactose) are degraded into smaller molecules. Since casein and milk fat are the dominant components of cheese dry matter, biochemical reactions take place exactly on them (Fox et al., 2000) . Therefore, the above-mentioned biochemical processes are the cause of all physico-chemical modifications in the cheese (Lukač Havranek et al., 2000; Prieto et al., 2002; McSweeney, 2004) . Biochemical processes during ripening of cheese play an important role in a forming of cheese sensory properties, as well as in a nutritional value of cheeses. Texture characteristics of cheese are influenced by the chemical composition of milk, technological processes during cheese production and microclimate conditions during ripening (Lucey et al., 2003) . The relationship between the fat content of milk and protein content in the dry matter of cheese is inversely proportional, thus noticeably affecting textural characteristics of cheese (Fenelon and Guinee, 1999; Lteif et al., 2009 ; Sánchez-Macías et al., 2010). As casein forms the base of cheese structure in which other compounds are incorporated, proteolysis is considered as the most important process, which contributes to the formation of characteristic cheese texture (Ardö et al., 2017) .
Sir iz mišine (cheese in a sack) is Croatian autochthonous hard ewe's milk cheese. It is produced on family farms in central Dalmatia (Šibenik-Knin and Split-Dalmatia county), and is regarded as a regional product and a part of the touristic offer. Its main specificity is ripening in a sack made of a lamb skin. Although, lipolysis is the predominant biochemical process during cheese ripening in an animal skin sack and is responsible for the cheese flavour and aroma, proteolysis is also involved in the formation of the desirable cheese flavour (Hayaloglu et al., 2007; Tudor Kalit, 2014) . In comparison to cheeses ripened in a natural rind, cheeses ripened in sack have a uniquely strong and piquant flavour. That is attributed to the extensive biochemical processes resulting from the anaerobic ripening conditions in the animal skin and the possible presence of moulds inside the sack (Bijeljac and Sarić, 2005; Yilmaz et al., 2005; Tudor Kalit et al., 2014) . Extensive lipolytic and proteolytic reactions increase the nutritive value of the cheese due to the high content of free amino acids and free fatty acids and contribute therefore to a better digestibility. In terms of the sensory quality, the optimum ripening time for Sir iz mišine is 45 days (Tudor , but due to increased demand for this cheese in the local market, the ripening time is very often 30 days.
Sir iz mišine belongs to a group of unique and insufficiently researched autochthonous Croatian cheeses. The knowledge about the effect of physico-chemical composition and proteolysis on textural properties of cheeses that ripen in an animal skin sack is limited. Therefore, the aim of this research was to determine physicochemical, proteolytic and textural changes throughout the ripening period of Sir iz mišine and their correlations.
Materials and methods

Cheese manufacture procedure
According to the traditional manufacturing procedures, 10 batches of Sir iz mišine were produced in a small scale dairy plant in the hinterland of Vrlika village. Sir iz mišine was manufactured from raw full-fat ewe's milk (breed Damatian pramenka). Cheesemaking milk, was collected from evening and morning milking, and was stored in a cooling tank at 4 °C prior to cheese manufacturing.
The milk processing into Sir iz mišine started with the addition of salt (1.1 kg of salt/100 L cheese milk). After that, the milk was heated to 32 °C and microbial rennet in granules was added according to the manufacturer's procedure (Maxiren). When coagulated (setting time was between 45 and 60 min), the curd was cut by a cheese harp into cubeshaped pieces sized approximately to 3 x 3 cm. Then the curd was subjected to stirring and cutting (into peas or nuts size) while heating it up to 38-39 °C. The curd grains were cooked for 10-15 min, and afterwards the whey was drained in the distribution table. After removing the whey, the curd was dry-salted with a large-grain sea salt and put into plastic moulds to self-pressure. During the first 2-4 hours, the cheese was turned in the mould twice, and afterwards it was put overnight in the ripening chamber. The next morning, cheeses were cut into four pieces, dry-salted with large-grain sea salt and then put into a lamb skin sack. Prior to use, the skin was submerged into whey or hot water. All openings were steadily closed except the neck, through which the cheese was filled. The average weight of the cheese in a sack was, depending on the size of the lamb skin, 20 kg. Cheese was ripened in the lamb skin sack for 30 days at 16-18 °C and relative air humidity of 65-80 %.
Sampling of cheese
The samples of curd (0 day) and cheese at 15 and 30 days of ripening were taken from each batch for physico-chemical, proteolytic and textural analysis. A sterile knife was used to take samples of about 100 g intended for physico-chemical analysis. The sampling was performed through the neck opening of the sack. Samples (height 90 mm, diameter 17 mm) inteded for texture profile analysis were taken from the middle of the whole cheese block using the sterile cork borer. To avoid dehydration, samples were wrapped into a plastic film. Cheese samples were transported into the laboratory using a mobile cooler at a temperature of 4 °C. Approximately 0.5 cm of the surface section of the cheese samples was discarded and the rest was stored in plastic bags at -80 °C until the physico-chemical analysis. Two cylindrical samples (height 25 mm, diameter 17 mm) were cut from each original sample using a stretched-wire cutting device. These samples were wrapped into a plastic film, stored at 4 °C and analysed at texture analyser within the next 24 hours. After each sampling time, the skin sack was again tied up tight and stored in the ripening room.
Compositional analysis of cheese during ripening
Analyses of cheese curd (0 day) and cheese after 15 and 30 days of ripening included: determination of the total solids by the reference method 5534 (ISO 2008), the fat content according to the Van Gulik method 3433 (ISO 2009), the salt content according to Mohr AOAC 935.43 (AOAC 1995) and the pH value (Mettler Toledo, Seven Multi, according to manufacturer's instructions). The protein content, the water-soluble nitrogen fraction in the total nitrogen (WSN %TN) and the 12 %-trichloroacetic acid soluble nitrogen fraction in the total nitrogen (TCA-SN %TN) were determined by the Kjeldahl method 8968-1 (ISO 2014). The physicochemical analysis and nitrogen fractions of curd and cheese in a sack were conducted at the Reference Laboratory, Faculty of Agriculture, University of Zagreb, Croatia.
Analysis of proteolytic changes of cheese during ripening
To evaluate the intensity of the primary proteolytic changes during ripening of Sir iz mišine, the gel-electrophoresis method on polyacrylamide gel (urea-PAGE) was used. Cheese was grated and 0.4 g of cheeses was mixed in a tube with 5 mL of urea buffer. The contents of the tube were then heated in a water bath for 30 minutes at a temperature of 40 °C until the cheese had completely dissolved. Afterwards the content was centrifuged at 3600 rpm at 4 °C for 10 minutes. A separated layer of fat was removed using vacuum pump and 100 µL of the supernatant was mixed with 300 µL of buffer. 6 µL of the prepared sample was applied to the gel well. The gels were scanned using the Gel Doc 2000 (BIO RAD) device, which has specific densitometric values for gel bands using Quantity One, Quantitation Software (BIO RAD). Densitometric values are expressed as a percentage of a particular casein fraction relative to the total amount of urea buffer soluble casein fractions.
Texture profile analysis
Texture profile analysis (TPA) was performed by a two-bite compression test using the TA Plus Texture Analyser (Lloyd Instruments Ltd., Fareham, England) fitted with a round aluminium compression plate (ST 6/1-50 mm). Prior to testing, cylindrical samples were allowed to reach room temperature (25 °C). To avoid friction, the compression plate was lubricated with mineral oil. The TPA test was conducted using the Nexygen Plus 3 software at 70 % compression with crosshead speed 50 mm/ min and a retention time of 5 s between first and second compressive cycle. The parameters measured were hardness, cohesiveness and springiness. In the software manual, hardness was defined as the peak force during the first compression cycle.
Cohesiveness was defined as the ratio of the area under the second compression curve to that of the first compression curve. Springiness was defined as the ratio of the sample height at the start of the second compression cycle and sample height at the start of the first compression cycle.
Statistical analysis
Statistical procedures were carried out in SPSS (2012; version 21). One way ANOVA and general linear model (GLM) were used to study the significance of physicochemical, proteolytic and textural changes in cheese during ripening. Pairwise comparisons of mean values were performed using the least significant difference (LSD) test. The relationship among variables were analysed by Pearson's coefficient of correlation.
Results and discussion
Physicochemical composition
The age related changes in the physicochemical characteristics of cheese in a sack are given in Table 1. The content of total solids, fat and proteins increased significantly (P<0.05) as a consequence of moisture loss during the cheese ripening. Similar trend towards an increase in the contents of these components in cheese during ripening were reported by Tudor and Lešić et. al (2015) . At the end of ripening, the content of total solids, fat and proteins were 58.20, 31.28 and 22.18 g/100 g, respectively, which were higher than those reported by Lešić et. al (2015) . On the contrary, Tudor reported the higher values of total solids, fat and proteins to those reported in this study due to the faster moisture loss especially during the first 15 days of maturation. Since lamb skin bag has a porous structure, it is able to lose moisture (Hayaloglu et al., 2007) . Accordingly, results of the previous research showed that the permeability of the natural cheese rind is higher than the permeability of the animal skin. This allows more loss of moisture and due to that, cheese in a natural rind has a higher content of total solids in relation to cheese in a sack at all ripening stages (Tudor Kalit et al., 2014) . The presence of greater proteolytic activity (Table 2 ), in comparison to the results of Tudor , could be related to the lower moisture loss during ripening of cheese in this research. Cheese moisture contains residual rennet that enhanced breakdown of its protein structure leading to a formation of proteolytic products with different molecular weight (Bansal et al., 2007) . Proteolytic products fills porous structure of skin and consequently reduce moisture loss from cheese (Zengin et al., 2016) . On the other hand, the part of ionic charged proteolytic residues competed with free water and remained within cheese protein structure (Ong et al., 2017) . It is important to emphasize that fat globules within the para-casein network have clogging effect and therefore contributes to water loss reduction (Mateo et al., 2009 ). The salt content significantly increased (P<0.01) during the ripening from 1.16 to 1.91 % (Table 1) . These results were not consistent with those of Şengül et al. (2014) who reported the higher values of salt (3.66 %) in a 30-day-old Tulum cheese, Turkish cheese that ripen in an animal skin sack. Although moisture in non-fat substances decreased gradually during cheese ripening, it was not statistically significant (Table 1) 
Proteolysis
The values for primary and secondary proteolysis products during cheese ripening are shown in Table 2 . Primary proteolysis, especially in cheeses in which production high temperatures are not used, involves the initial breakdown of paracasein network by chymosin, and in lesser extent by plasmin, into casein fractions (Sousa et. al., 2001 ). These proteolytic products with an intermediate and low molecular mass contribute to aroma and texture development in cheese. The results of ANO-VA showed that significant (P<0.05) and extensive degradation of α s1 -casein was accompanied by significant (P<0.05) accumulation of α s1 -I-casein in cheese during ripening. Although there was a moderate degradation of β-casein during cheese ripening, these changes were not statistically significant. However, level of γ-casein increased significantly The results of this study indicated that 60.66 % of the α s1 -casein and 90.49 % of the β-casein initially present in cheese were remained intact at the end of ripening period because of higher initial retention of rennet in the curd. Similar results for intact β-casein (90.14 %), but with higher value for intact α s1 -casein (84.96 %) were obtained in Tulum cheese (C elik and Tarakci, 2017). Since α s1 -casein showed higher susceptibility to rennet action and β-casein to plasmin action (Farkye and Fox, 1999; Ardö et al., 2017) , it is clear that rennet had a dominant proteolytic activity over plasmin during the cheese ripening (Table 2) . Results of this research showed that the extent of secondary proteolysis, determined by both TCA-SN %TN (P<0.01) and WSN %TN (P<0.05) significantly increased in cheese during ripening (Table  2) . A similar trend in TCA-SN %TN and WSN %TN contents throughout the ripening period were reported by Tudor and Şengül et al. (2014) . However, comparing the results obtained by the latter authors, we found considerably higher values for these parameters at each stage of cheese ripening. The higher values of WSN %TN in this research could be also attributed to the higher retention of residual rennet in the curd. According to Farkye (1995) , residual rennet contributed more to the evolution of WSN %TN in comparison to plasmin. Residual rennet has ability to produce mainly large-sized peptides (Desmazeaud et al., 1977) but it shows very limited ability to release free amino acid during ripening of cheese (O'Keeffe et al., 1976). As already mentioned, 1.1 kg of NaCl was added to 100 L of milk prior to renneting. Similarly, Bansal et al. (2007) reported that both, casein micelles and chymosin molecules, were negatively charged and repel each other. According to the authors, addition of NaCl increased ionic strength in milk leading to decrease in the zeta-potential and less negatively charged surfaces of casein micelles. As surfaces of casein micelles become less neg-atively charged, increased interactions between them and chymosin molecules consequently increased the initial retention of chymosin in a curd (Bansal et al., 2007) . Rennet is responsible for the production of WSN %TN and in much lower extent for the production of TCA-SN %TN (Bansal et. al., 2010) . On contrary, bacterial enzymes make a substantial contribution to a production of small-sized peptides, amino acids, ammonia, and other minor compounds that are soluble in 12 % trichloroacetic acid (Desmazeaud et al., 1977; Addeo et al., 1992) . Initially, TCA-SN %TN value was 9.49 % ( Table 2 ) which was 3.5-fold higher than that reported by Tudor , probably due to a higher content of moisture in cheese during ripening and different autochthonous microorganism species that result with different proteinase and peptidase activities.
Texture
The changes in textural properties of cheese in a sack during ripening are shown in Figures 1  and 2 . Correlation coefficients between proteolysis and textural characteristics of cheese during ripening are shown in Table 3 . The results showed that hardness, cohesiveness and springiness significantly (P<0.05) decreased during ripening. Oluk et al. (2014) reported that springiness showed the same pattern as in this study but opposite results for hardness and cohesiveness. These authors concluded that Tulum cheese became harder and more cohesive during the ripening period which was most probably related to itʹs compact structure and moisture loss.
Means within a row marked with different letter differ significantly (P<0.05). According to the results of this study (Table 2 and 3) as well as the previous ones (Bertola et al., 1991; Irudayaraj et al., 1999; Lane et al., 1997) , extensive proteolysis was the primary cause of decreasing in these texture parameters during ripening. It is well known that extensive proteolysis reduced the number of inter and intra molecular bonds within paracasein network (Lucey et al., 2003) . On the other hand, large peptides liberated by hydrolysis of peptide bonds became a part of serum phase and they were not able to contribute to the structure and texture of cheese (Ong et al., 2017) . However, considering that the extensive proteolysis reduced the number of bonds, it could be expected that both cohesiveness and springiness decreased with its reduction (Tunick et al., 1993; Lane et al., 1997) . The decrease in values of textural properties could also be attributed to the slower moisture loss during ripening (Table 1) since many authors pointed out the importance of moisture contribution to cheese texture (Prentice et al. 1994). According to Gunasekaran and Ak (2003) , moisture occupies spaces between fat and protein in cheese structure and due to its low viscosity acts as a good lubricant. The amount of fat entrapped within the paracasein matrix and its physical state have a large impact on textural properties of cheese. As indicated above, measurement of texture was performed at 25 °C which meant that most of the fat was liquid and also provided a lubricating effect in cheese (Guinee and Law, 2002; Gunasekaran and Ak, 2003) . Hence, the following facts supported the conclusion that moisture along with the fat played an important role in reducing cheese hardness. Therefore, it could be expected that cheese in a sack became softer, less cohesive and less springy during ripening (Table 3) . The correlation coefficients between chemical and biochemical parameters and texture of cheese presented in Table 3 indicated that the textural weakening effect of caseinolysis predominated over strengthening effect of moisture loss in texture development of cheese in a sack during ripening. This is not in agreement with previous studies on ewe's milk cheeses that ripen in a natural rind (Gaya et al., 1990; Picon et al., 2010) which indicates the specific role of skin sack on the textural and proteolytic changes during ripening of cheese.
Utjecaj kemijskog sastava i proteolize na teksturne karakteristike sira iz mišine Sažetak
Cilj ovog istraživanja bio je utvrditi promjene fizikalno-kemijskih, proteolitičkih i teksturnih značajki sira iz mišine tijekom zrenja od 30 dana. Prema tradicionalnom postupku proizvodnje, proizvedeno je 10 šarži sira. Udio suhe tvari, masti, proteina (P<0.05) i soli (P<0.01) se značajno povećavao tijekom zrenja sira. Rezultati istraživanja su pokazali bržu razgradnju α s1 kazeina u odnosu na β-kazein. Opsež-na i značajna (P<0.05) razgradnja α s1 kazeina je popraćena značajnim (P<0.05) povećanjem udjela In addition, results of this study showed that both TCA-SN %TN and WSN %TN could be good indicators of relationship between proteolysis and textural properties of Sir iz mišine during the early ripening (Table 3) .
Conclusion
The physico-chemical composition, proteolytic and textural characteristics of Croatian cheese in a lamb skin sack (Sir iz mišine) were affected by the ripening time. Sir iz mišine was subjected to a very intense proteolysis, since there was an increase in the content of all proteolytic indicators throughout ripening. Regarding the textural properties, a cheese in a sack became softer, less cohesive and less springy during ripening period. Results of this research showed that weakening effect of caseinolysis predominated over strengthening effect of moisture loss in texture development of a cheese, which could be attributed to the specific conditions during ripening in the animal skin sack. Proteolysis as important biochemical process should be controlled due to its role in achieving desirable sensorial quality of cheese, which is consisted of appearance, flavour, colour, odour and texture. α s1 -I-kazeina. Iako je utvrđena umjerena razgradnja β-kazeina u siru, statistički značajne razlike nisu utvrđene. Međutim, udio γ-kazeina se značajno (P<0,01) povećavao tijekom zrenja sira. Kao posljedica intenzivne proteolize, došlo je do značajnog povećanja udjela TCA-SN (P<0,01) i WSN (P<0,05). Rezultati su pokazali značajno (P<0,05) smanjenje čvrstoće, kohezivnosti i elastičnosti tijekom zrenja sira odnosno s progresom proteolize. Učinak omekšavanja sira kao posljedica kazeinolize nadvladao je učinak učvršćivanja sira kao posljedica gubitka vlage, što se može pripisati specifičnim uvjetima u mišini tijekom zrenja sira.
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